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ADVAFCE 0 REPORT 

FLI Gi3T TESTS OF 'JAR1 OVS TAIL I*'ODIFI CAT1 01% 

017 TI33 BRE'dSTER XSBA-1 AIR?WI&B 

I - X'LEASUT,CMET?TS O F  FLYIaTG 

QUAL1 TIES ITC TE OR1 GI FAL 

r If, SrnPACES1 

By V.L H. Phillips and J. hl. Nissen 

A s e r i e s  o f  t e s t s  oi" t h e  3rewster  XSBA-1 a i r p l a n e  i s  
be ing  conumted  t o  d e t e r n i n e  the e f f e c t  o f  var ious  tail 
modif icat ions.  The p r e s e n t  r e p o r t  6-escr ibes  an inves t iga -  
t i o n  o f  f lyin:  q u a l i t i e s  o f  t h e  a i r p l a n e  with i t s  o r i $ . n a l  
t a i l  sur faces .  The results may be s u m a r i z e d  as fol lows:  

o r  f r e e  r a s  ?os- i t ive In a l l  coii2i'ilcns t e s t e d .  
1, The s t s t i c  l o n g i t u d i n a l  s t c b i l i t y  w i t h  stick f i x e d  

2. The' average e l e v a t o r  f o r c e  r e q u i r e d  i n  highly 
a c c e l e r n t e d  rnmeuvers was 30 pounds p e r  g nomml acce le ra -  
tioi:, This value was considered undes i r ab ly  l a rge .  

3. The s t i c k  t r a v e l  required t o  s t a l l  i n  naneuvers was 
about It-. 6 inches ,  

14. T r i s  changes caused by depressj-ng t h e  f l a p s  OF by 
a p n l i c a t i o n  of  power were 3.n %ne dIr.er,tion caus ing  the nose 
t o  r i s e .  The s t i c k  f o r c e s  t o  mairitain t r i m  were considered 
exc e s s ive,  

5, Lateral osc i l l a t io7w of the a i r p l a n e  with c o n t r o l s  
froe darmed. t o  
shor t -per iod  osciLlntic.-:s o f  the c o n t r o l s  t he3se lves  ex is ted .  

va lue  oi' tine helix nngle 

- 1 aiiplftude i n  l e s s  than 2 cyc les .  No undsurrped 
2 

60 me a i l e r o n  e f f e c t i v e n e s s  vas s u f f i c i e n t  t o  g i v e  a 
p b / 2 ~  o r  0.075 radian i n  r i gh t  

'The tail. sur i 'aces r e f e r r e d  t o  i n  this  r e p o r t  as "original 

? U s  t a i l  desfgn  was developed 
t a i l  swfz.ces"  wem d i f f  ereilt f r m  Chose used on e a r l i e r  
models of t'ie XSBA-1 aij-pla;_ie. 
by the  Naval P,ircrcoLft Factory a s  a pro to typ9  f o r  t h e  t a i l  
surfacss later used i n  product ion irodels of t he  SBN-1 
a i rplai ie .  
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r o l . l s ,  0.085 rad ian  i n  1ef- Ai le ron  c m t r o l  f o r c e s  
were considered excess lve .  

7 ,  The  d i r e c t i o m l  s t a b i l i t y  and dihedral e f f e c t  were 
satFsi 'actQrp, The pi_tc'l:ing nio.nent due t o  s i d e s l i p  was 
de s i r ab 1 y sm 1 1. 

a l l  f l i g h t  condi t l3r ,s ,  bu t  the riidder L'orces were considered 
excess ive .  

3 .  The rudder contr32, vias s u f f i c i e n t l y  e f f e c t i v e  f o r  

9 .  The s t a l l i n g  c h a r a c t e r i s t i c s  were s a t i s f a c t o r y .  

INTRODTICT I O N  

DESCCIPTION 0 F' RRZbiSTER XSBA-7 k IRPLANE 

The X S A A - 1  a i r p l a n e  i s  a two-place, s lng le-engine ,  m i d -  
wfing, c a n t i l e v e r  wnoplar ,e  w i t h  r e t r a c t b b l e  landiiig g e m .  
r 'or the  invest igatZDns c!!escii5lsed i n  t n i s  r e F o r t ,  t h e  c u t - o u t s  
i n  the  f l a p  were s e a l e d  t:) , Ive a convent ional  partial-span 
s p l i t  f l a p .  ( S e e  f-tgs. 1 t o  4 . )  The generk l  s p e c i f i c a t i o n s  
of t h e  a i r n l a n e  follow: 

Name and t y y e  . . . . , . . . . . . , . . Brewster XSBA-1 
Engine . , . . . , . . . . . . . Yiri@t C y c l o n e  E-1820-38 
Riited: 

Take-off' , , . . . . . 950 :TIP a t  2200 r p x  m c l 4 l . O  i n .  
HE m m i f o l d  pressure 

Maximum continuous 
( s e a  l e v e l )  , . , . . . c50 hp a t  2103 i 3 p m  and 35.7 in.  

Eg naniTolc? p re s su re  
Cruis ing , . , , . , . 600 hp a t  1000 r p x  and j 0  i n .  

Eg r m n i f ~ l . 2  p re s su re  

Y 
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Sear r a t i o  (ungesred)  . . . . . . . . . . . .  
Propel-ler . . . . . . . . .  Hamilton Standard 

Diarieter . . . . . . . . . . . . . . . . .  
IJurnber 0 ;  b lades  . . . . . . . . . . . . .  

h e 1  c a p a c i t y  . . . . . . . . . . . . . . . .  
Oil capac i ty  . . . . . . . . . . . . . . . .  
Empty tsieight . . . . . . . . . . . . . . . .  
Vorm?. g r o s s  werght ( S c o u t )  . . . . . . . . .  
Ring los5 ing  (norxal gross  weight)  . . . . .  
Power l o a d h g  (normal gross  weight)  . . , . . 
Over-a l l  he igh t  ( t h rus t - axLs  l e v e l )  . . . . .  
Over-a l l  he ign t  (three- m i n t  

p o s i t i o n  t o  propel -1~: ; .  t i p s )  . . . . . . . .  
Over-a l l  lengtl1. . . . . . . . . . . . . . . .  
'3 in.g : 

0 0 . 1:l 
cons tan t  speed . . . .  w 9 f t  . . . . . . .  3 . . .  136 gal 
, . 10 gal . . 3620 lb . .  5276 lb 
20.6 lb/sq ft . . 6 - 6  lb/hp 

. 12 f't, 2 in .  t 
27 ' f t ,  f t ,  11 z in* in. 

8 
Spun . . . . . . . . . . . . . . . . . . . .  39 f t ,  0 in.  
Area ( inc ludi i ig  tttlc** L 0 3 3  

235 sq r t  r l ~ ~ e i ~ ~ g e )  . . . . . . . . . . .  258 sq ft 
A I r f o i l  2ectLon . . . . . .  4JnCk C i Y  t a p r e d  13 percent  t o  

11.8 percent  t h i c k  
5.9 AsDect r a t l o  

:lean aerodgnanic cliord . . . . . . . . . . . . .  63.3 in .  

wlng a t  r o o t  . . . . . . . . . . . . . . . .  2.59 i n .  
Taper r s t i o  . . . . . . . . . . . . . . . . . .  ; . 1.5 : l  
Dihe6ral :  

Leadint; edge o f  c e n t e r  s e c t i c n  . . . . . . . . . .  1 . 7 O  
LesCii?,: eci(;e of o u t e r  panel . . . . . . . . . . . .  4.50 

Incidence . . . . . . . . . . . . . . . . . . . . . . .  Oo 
Sweepback (L.::. o f  wing) . . . . . . . . . . . . . .  1.6' 

Area . . . . . . . . . . . . . . . . . . . . .  2 0 - 4  s q  ft 
B:ax:nurn f i e f l e c t i o n  . . . . . . . . . . . . . . . . .  6 7 O  

Length . . . . . . . . . . . . . . . . . . .  7 f t ,  2 i n ,  
Area, baLind  hinge l i n e  [ e a c h )  . . . . . . . .  9.7 sq f t  
T r i r m i  n,; - t ab a r e a , 

behind 1;in;;e l i n e  (eac l l )  . . . . . . . . . .  0.63 sq ft 
Fin a r e a  (pbove Inselage, ahead of 

hlnEe l i n e ,  no t  inc luding  balaiice a r e a )  . . . .  12.1 sq f t  
RudSer : 

Verkical  span (fraqra c e q t e r  l i n e  
~r fuseI-agc) . . . . . . . . . . . . . . .  6 ft, i n .  

Area (behind hlngc? l i n e  but 
incl-ici*-ng hQrn-bzlence a r e a )  . . . . . . . . .  13.9 sq f t  

E a r n - b a l m c e  m c a  . . . . . . . . . . . . . . .  1.5  sq f t  
T r i i ~ i i i ~ - t a b  a rea  . . . . . . . . . . . . . . . . . .  None 

1 

. . . . . . . . . . . . . . . . . .  
Distance behind l rad i i ig  ed;e o f  

WLng f ' l a ? ~ :  

Ai le rons  : 



Zlsva to r :  . . . . . . . . . . . . . . . . .  

- -e--- 

-- I_- 

ills trument 

,In gu 1 a r - ve 1 o c i t ;T r e c 3 r d e r s 
'T h i- e e - c oin?o ne n t, A c c e 1 e r o - 
Recarding yaw v m e  

rneter 

R.e c c)rd h ig  iric 1 home t e r  
c. 
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d i r e c t l y  t o  t he  e l o v r i t o r  ariA r i idder  were used. Erro r s  due 
t o  caLle s t r e t c h  v:er? thereby el ia i i ! ia?;ed.  I n  a d d i t i o n ,  t h e  
rudde;., CI.CVS.~OT, and E i l e r o n  ang le s  were 1;ieasured b 7  r 
t h r e e - c 9 myonent coil t 1’0 1 - ?\I P i. t i a n. r e c P, Y d e r tit t a checi t o  the  
co:itrol. cah le s  ! ica i  the rear cockpi t .  In caaes  i n  wbich t h e  
r e c o x t e r s  a t tuchod  cl?’.r>ectly t a  t h e  rudder and e l e v a t o r  were 
c o t  u s e d ,  tLe anc;les l’t\Co?C;Led by t h i s  instrunleiit were CDP- 

rl r e c t d .  f 3 r  s t r e t c k  .in t h e  c c n t r o l  c a b l e s ,  No at tempt  was 

A 
02 

* x, l,.dde, c however, t o  c o r r e c t  t k e  pecarded a i l c r o n  ar,i;;les f o r  
s t r e t c h .  In the  ti!.lewsn liiY<Lige 
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r e l e a s i n g  i.t a t  M ~ l i  s p e d .  I n  a l l  cases,  t he  subsequent 
v a r i a t i o n  of '  normal a c c e l e r a t i 9 n  and e l e v a t o r  angle  had corn- 
p l e t e l y  'disappear>ec! a f ' t e r  one c:rc,le y t hereby  s a t  i s f g i n g  t h e  
requirement for this condi t ion  suGgeeted 3-11 re.ference 1. 

C h a r a c t e r i s t l c s  o f  e l eva to r  c 2 n t r o l  Tn steacjly i ' l l g h t .  - 
I_-- _..-.--- The ch.aract.eristTc,s 9i' the e l e v s i o r  m n t r o l .  o f  the  LSBA-1 

airplcine ill steciciy f l i g h t  were measured by  record ing  the  
elevator nositions arid f9i-ces i-equired for t r i m  a t  var ious  

F1 i gL t 
condi t; i o n  

f l i g h t :  

3la2 Laric! infs- ge ar 
p o s i t  i o n  p o s i t  i on  
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cause6 by nonl inear  hlnge-i:ioment F r o 2 e r t i e s  o f  t h e  e l e v a t o r  
and b ; ~  the iRf'li.imce of' t h e  wing wake a t  t h e  t a i l ,  

( 3 )  The gradl .ent  o.f e1evatc;r c o n t r o l  f o r c e  was suffi- 
c i  ej.it;ly l a r g e  am? t h e  f r i c t i o n  F u f t i c i e n t l y  small i n  a l l  
cond-i t fom t o  r e t i m i  t h e  c o n t r o l  t o  Lts trim p o s i t i o n .  

within t h e  uvai la ' r le  ran,iie !.n all cond i t ions  
(1;) The e l e v a t o r  anz le s  r equ i r ed  f w  t r i m  were w e l l  

C h a r a c t e r i s t i c s  o f  the e l e  vatgr c o n t r o l  i n  a c c e l e r a t e d  
f l i g r -  The c h a r a c t e r i s t i c s  o f  t h e  e l e v a t o r  c o n t r o l  i n  
a c c e l e r a t e d  f l i g h t  were deter;.:iincd f rom measurements taken 
i n  abrupt  ~ u l l - ~ i p ~  and push-d~~wns  f rom Level  f l i g h t  and i n  
r a p i d  1200 t u x i s .  
downs a r e  p e s e l l t e d  i n  f'iGure 13. Time h i s t a r i e s  of- repre-  
s e n t s t ? v e  t ums  Eire p r e s e n t e d  I n  f i g u r e s  14 t o  17. The 
r e s u l t s  o f  t h e  t e s t s  9 e r t a i n i n g  t o  t he  e l e v a t o r  coritrolrnay be 
sumrnhrized as I 'o l lows .  

-_I_- -- 
T h e  rcuc l t s  or' +,lie pull-ups stncl push- 

'(1) ' The elevator c o n t r o l  w a s '  s u f f i c i e n t l y  powerful  t o  
develop e i t h e r  t he  maxinum :if t c o e f f i c i e n t  o r  the  a l lowable  
l o a d  fzctor .  at everp speed. T h i s  i'nct was evident-  i n  p u l l -  
ups iiacie a t  v a r i o u s  s p e e d s .  

( 2 )  Tke n ~ i m a l  a c c e l e r a t i o n  was observed to i n c r e a s e  

( 3 )  ;?gure 1 5  shows a tiine h i s t o r y  o f  a t u r n  i n  which 

p r o p e s s i v e l - y  with the  e l e v a t o r  mGle a t  ttny g iven ,  speed. 

tke st!.ck w a s  y . i I led  back u n t i l  SL stall o c c w r e d ;  an e l e v a t o r  
deF1ectio;i o f  12O frorn t:ie t r i m  pos i . t ton  aas r e q u i r e d  t o  
r each  t h e  maximmri lift; c o e f f i c i e n t  . This d e f l e c t i o n  co r re -  
sp~nds t 3  8 zt-le!: ,;?ir>v<::,;ent o f  inches ,  whTch s a t i s f i e s  
tl!e rriquirc,x:ents c!f r e f e rence  1. 

t i o n  i n  130' t u r n s  i s  p l o t - t e c i  . T i l  f ' i!.pre 13. l a r d e  i n c r e a s e  
in A ~ J c ! ' :  ;'?rce tirld. o?.evatr)r  an$e o c c x r e d  &s tlie s6ail was 
approacbecl. ;%r t h i s  resson ,  t u r n s  rrade t i t  lift. c o e f f i c i e n t s  
near  tlie stall reqrrii-ed a greater f o r c e  2er. g a c c e l e r a t i o n  
than t u r n s  rqade a t  low l i f t  coef ' f ic le i i ts .  

( IL ) ylkie ia+ 4 ~ ~ > n  -' 02 s t i c k  f o r c e  wi tn  normal a c c e l e r a -  

( 5 )  orL tkie basis  of tp-e i-clrce i.equiye6 t o  malre a 4g 
t u r n ,  i t  i s  seen t h t  about  30 pounds per  g was r equ l r ed  
t o  mal-e higll2y acce lc ru t ed  tu rns .  Yhis value i s  considered 
excess ive ,  i?~i- scqut-b0:nbr.r d i rT lanes ,  such as the  XSBA-1, 
a v a l u e  o p  15 I)oi1rlc!s p e r  3 9eer;ls recsonable as an accep tab le  
upper l i r n l t  o f  s t i c k  Porces ,  



Chai>acteri.st i c s  -I------ o f  t he  e!.evator c o n t r o l  i n  landi.. - 
Tl-12 c m o r  c o n t r o l  was s u f f i c i e n t l y  powerful t o  h o l d  the  
air-r-rlane of f  t l i e  ground z n t i l  t h ree -po in t  con tac t  WLS made. 
The average of recqrds  taken of s e v o r a l  I.tindings shows t h a t  
2l0 up e l e v a t o r  de.?bection .,!as r e q u i r e d  t o  make a t i i r se -poin t  
l a n d h q .  In t h e  cases  o f  s e v e r a l  lovi-whg n:rplanes t3a t  
have b e e n  t e s t e d ,  2boi:t ?-GO mr’e UT e l e v a t o r  d e f l e c t i o n  was 
r equ i r ed  t o  land tlim t o  r each  the  s t a l l  3.n the l anding  con- 
d i t i o n  a t  a1.tii;ucie. In  tke  case of‘ t h e  X S G A - 1  a i r p l a n e ,  
>.owever, the :I? . ; levator d e f l e c t i o u  r e q u i r e d  t o  l and  was 
about t h o  salne ES tMt n s ~ d e 3  t o  s t ~ l l .  The reason  f o r  t h i s  
condi t ion  i s  beiie;reri t a  be t h a t  s e p a r a t i o n  or” t b e  f l o w  from 

T r i x  cl-=s:;!.;es &r.e t o  powen and f l a o s .  - The t r h  change 
__I___ .--.--. --..-.--- f- caused Sy 19weyirq the f la r / s  wiis i x  t h e  tl.:rectiorL tending t o  

cause t h e  air;qinrie t o  nose E:]. Lowering t h e  lendtng  gear 
caused. the a i r p l a n e  t o  nose d13wn. ii pueh f o r c e  o f  aboxt 16 
pounds was required t o  inalntain triiii if the  f lap’s  an6 the  
landlng gear w e ~ e  lowered wit5 p o w e ~  on at 120 r r i i l e n  per  tiour. 
?‘his t r i m  change i s  i n  t h e  ap2os i t e  C i r e c t i o n  t o  t h a t  as:l~l.ly 
considered desirable, Apylicatio:i of power wi th  f l a p s  find 
1.andin.g g e a r  up had a s l i i ; . i t  teild.ency t o  nose t h e  a i r p l a n e  up. 
\L‘i th .?la?:: a i d  lan3iing q a r  down, this te!idenc;: was increased .  
R pusli f’31-c~ ,D? a b ~ u t  13 pounds was r e q u i r e d  t o  main ta in  t r i m  
a t  120 :nil..es per  h o i ~ i >  if f u l l  ~ O V J ~ Y  w&s a??lied when flaps and 
lar,d?.ng gear were dmm. The s t i c k - f o r c e  change a t  120 m i l e s  
per  bur i n  giJipLg from the f laps-up ,  power-off‘ cond i t ion  t o  t h e  
f‘lar>s-d.xm, f x i l - p w e r )  conciitic>n Y ~ B  abou t  33 pounds, which 
exceeds the xppr  lip,it of 35 pounds reconmlcn.3e& i n  r e fe rence  1. 

Y 
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rediice t h e  s t i c k  f g r c e  t o  zero a t  any poirit i n  t h e  speed 
raiige in t k e  y3;;rer-m fl lC3-l.t coxdi t i o n .  I n  the  p o w e r - ~ f f '  
~ 2 n d  I t i o n s ,  the  h i rn lhns  could  be t r imxe4 a t  nll s2eeds i n  
t h e  speed rani;.;e g r e a t e r  tLan 19 n:ilcs pe r  h o u ~  above t he  
s t a l l .  TTnles3 chanr.;ed r imua l l j . ,  ttie trirmiing Levice 
retained B Given set l ,LaG i n d e f i n i t e l y .  

-.- 
with c o n t m l s  fi-Gee f'9llowLng, a d i s tu rbance  was rceasirred i n  
the  c r u i s i n g ,  gliding, 2nd l ana ing  :Light conJ i t io i i s  a t  
various s;>eeds, T h e  per iod and: dampins o f  t hese  l a t e r a l  
o s c i l l a t l o n s  as f i inct ions 2f' air*Fpeed axle shown i n  f i g u r e  21. 
Ib -e  c~ncJ .uz ions  reschcd i ~ j  t h  ?<:bard t o  t h e  uncon t ro l l ed  
lateral and d2rcctio::al m o t i m  a r e  as fo113ws: 

(1) I n  all ca9es,  t h e  l a t e r a l  o s c i l l a t i o n s  were we l l  
danned and rmt the  reqQirenents  of' r e f e rence  1. 

- ( 2 )  Yc--en t?ie aLlerons  were d e f l e c t e d  and r e l eased  
qu ick ly ,  t4,ep rctix-ned t o  t h e i r  trin p o s t t i o n .  113 o s c i l l a -  
tign q f  tt.c E.;llcrqn,q ttle:nseI.ves vias noted.  

( 3 ) :;:hen t h e  rucldei- vas rlsi'lectec? and r e l e a s e d  quick ly ,  
it returricd t o  i t s  t r i n  posj t lor i .  :;o o s c i l l a t i o n  of' the  
rTldder i t s c l f '  was n:)ted. 

A l l e r o n  cqntro1. c i - i l r ac t e r l s t i c s .  - The e f f e c t i v e n e s s  o f  
--I__--. 

t h s  a i l c r D n s  :)2- t h e  Urewster X S I 3 A - l  a i r p l a n e  VJ'JSS  determined 
by recordin?; t he  r o l l i n g  arid yaiving vEtl3cit ies produccd by 
abrupt-1;. i l e f l ec t ing  t h e  ai . lerons a t  v a r i o w  speeds while t h e  
rudfier wss he ld  f i x e d .  T h e  rol l in(?  a c c e l e r a t i o n  was ob ta ined  
by ? t f f ' e ren t?%t ing  tbe  ari;;ul.nr-velocity r eco rd .  The a i l e r o n  
angles  and. f::,rces and the  ai;gS:e o f  sj.C;esl!.p wzre a l s o  measured, 

The res7 i l l ; s  o f  t h e  tiilcrT\n t e s t n  are ?resented  i n  f i g -  
u r e s  2% to 2!$. ?L< imes  22 a;id 23 si10w t k  vaiaiation o f  the  
maxfmum va lues  of sideslip an,;l-e , a i l e r o n  f o r c e ,  r o l l i n g  
v e l o c i t y ,  :md r o l l i n g  a c c e l e r s t t c n  i-ecchec! i n  a L 1 e l . o ~  rs l ls  
vr.Lt!i V B Y I ~ U S  t i 5  I t ron  GePlections I n  t2,c wuif l ing  and landing  
c : ~ n d i t i ~ i i s  a t  low s p e d a .  The q i i :mt i t ies  a r e  plottbci agLinst 
t o t a l  a i l o r o n  d e f l e c t i o n ,  vqhich is tilt: s u n  3f' t he  d e f l e c t i o n s  
o f  tELe ri(;lit a;id l e f t  a',l+:i*ons f ro r i  t i - e i r  t r i ~  pos lz ions .  

(1) 'i'ke rolling v e l o c i t y  var ied  l i n e a r l y  with t o t a l  
z i l e r o n  dcf ls?ct ion.  ,,t a Ijferi  s p e d ,  t k e  r o l l i n g  v e l o c i t y  
was p a c t  ically unaL'fected 11:~ f l a p  o r  power coirdit ion.  
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( 2 )  T h e  v a r i a t i o n  o f  rolling a c c e l e r a t i o n  wi th  time 
following UIj abrupt  c o n t r o l  def l -ect  i on  was always i n  the  
c o r r e c t  d i r e c t i q n  and reached a maxiinurn value i n  l e s s  than 
0.2 second a f t e r  t he  c o n t r o l s  reached t h e i r  given d e f l e c t i o n .  

( 3 )  The XSBA-1 a i l e r o n s  gstve a riaxinu-; value of h e l i x  
ang1.c 
This value VJSS p ? ~ . a c t i c a l l y  cons tan t  over the  eiit,lre speed range . pb/%V o f  0.075 i n  rlf;l.:t P~1113 and 0.085 i n  l e f t  r o l l s .  

Recause sf t l  e r l c x F b i l i t J  q f  t h e  c i l e r o n  ?-inkage, t he  
t o t a l  a i l e r o n  angle reached was probai-31y less than t h h t  
recordecl i n  t i le  rear coclcpit. Tbe ’ l e x i b i f i t y  o f  t h e  system, 
conbincd with t h e  flaw separatipJii on the  aileron d e f l e c t e d  
upward, caused a vi-olent shaking o f  the  up ; i l e r o n  when i t  was 
f u l l y  d e f l e c t e d  at, sDteds above 120 n i l e s  m r  hour.  

P 
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. 

F?,ollk~.g -- nornent etue t o  s i i ies lQ.  -- - Thc m l l i n g  moment due 
' -  

t o  s i6 .es I ip  ~ 3 :  :.ieas:wed by rer,cyfiing t h e  a i le i .on  aiigles re- 
q u i r e 2  i:? stezc-l;? s i d e s l i n s .  These measurements were made 
z t  variDus s y e e d s  i n  t ke  cl.imbhig, g l f d i n g ,  and 1a;id:ng con- 
f-:t;oy,s, The i 'esi i l ts  a r e  presented  i n  fS.;;ures 25 t o  3 0 ,  i n  
which the rudder, e l e v a t o r ,  anti t i i l e ron  a:?gles, t h e  angle of 

s i d e s 2 . i ~  anele Tile s i , des l ip  hn2;le p l o t t e d  i s  simply- t h a t  
recorceci b ; ~  the  :rax val:". The  recorded Lngles or" s i d e s l i p  
riiay kzve d iPferod  as milch a s  j0 o r  4" from the a c t u a l  side- 
slip an9les. ' i ' k i i 3  crr3r would be s i n p l y  ii sn l f t  o f  t h e  z e m  
s e t t i n g  . The s l .opes  o f  the curves o f  t h e  p l o t t e d  q u a n t i t i e s  
may tb.erei'orae be coils t d e r e d  corre ,c t .  The canclus ions reached 
iire as .f'oil.ons: 

b r . .  ~ c l i ~ ,  . and tPLe r-u.dd.er f a r c e  a r e  p l o t t e d  as func t ions  of t h e  
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( 3 )  ~ 1 - i ~  vawlng r;ol;?e:it duct tJ s ldes l i ;  (rudder f r e e )  w a s  
such thn-k t h e  a i rn ln i ie  a1t:ays t e r d e d  t o  r e t u r n  t o  t h e  t r i m  
condition r e ~ a r d l e s s  o f  t?,e a r g l t  17: s i d e ~ l i p  t o  whi.ch it was 
f o r c e d .  

c 
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. 

angle of bank reacLed witL rn;iximm s i d e s l i p  was comparat ively 
s ~ l p l . 1 ,  c:;pec:a!ly ht. lcw s o e t d s  with ?ewer o f f .  

P f L c h a  wrlcnt  dae t o  s f d e s l i p .  - The curves c f  e l c -  -.....- v---- 

v n t o r  7r;~l.e ~ ~ ; c . i l ? s t  an,-!o ?i' s i d e s l i p  show t L a t  t h e  p i t c h i n g  
m:)mcnt di-.e t o  s icLecl i r ,  vas v e r y  s r i a l l .  In  s i d e s l i p s  t o  the  

abot:t 10 
01'. up e1-evatpr d e ' i e c t i o n  Y J ~ Y  r e q u i r e d  t o  maintain longi- 
t i i d l n i l  trii*l wkcri t he  siees1i.p was prodiiced by  a r.ight rudder 
de23ect lon 92 50. In ~3.1 o tLer  c t s e s ,  t h e  amount o f  e l e v a t o r  
d ~ f l e c t L c n  recLi;i-red foi- L rL1dLer clsf'lectfon of 5 O  was less 
t h a ?  1". It shg?ild Se nctefi, i n  i n t e r p r e t i n g  t h e  curves  of  
%i?le o f  s ide37 ip  f o r  a given k i r Jpeed ,  that t h e r e  may be 
soiw e r r o r  5.1 t k e  Lnd.icLte2 a i ~ s n e c d  duo t o  t he  angle  of yaw 
3f' t he  p i t a t - s t a t f c  hc d .  

It?ft st; c5 ini-les y r  h o u r  i n  t h e  , ; l iding c3ndi t ion ,  

-3wcr 0: ruri,dep slid a i l e r o n  tr.irc,minq devices .  - No t r i m -  
-__I -- 

m i n f ;  tLib was provic1e2 on  the ruddsr on the  X S 3 A - 1  a i r p l a n e ;  

STALLING CSAXACTSRIETICS 



speed. The aL.i>15-t~ide o f  t h e  Q s c i l l a t i o n  could be reduced 
considerably bv use 3 f thz :*ilerons alone , whereas c o n t r o l  
~ F t h  the  ruc iCer -  a lone  only S I  i g h t l y  reduced the  amplitude . 
up, c r u i s i n g  p m e r ) ,  the stall v a s  soncwhnt more v l s l e n t .  
T h e  afidplaqe v V i u l d  r r j 1 3  o f l ,  usually t o  t he  l e f t ,  i f  the  
s t h l l  was not c 3 n t r o l l c d .  The roll-off was preceded by 
r o l l i n &  anci pTtching o s c i l l a t i o n s  t h a t  se rve2  as a warning. 
It was found poss ib l e  t o  prevent t h e  :.oll-of'f by use o f  t he  
a i l e r o n s  but n3t by use p f  l k e  ruc',der. 

( 2 )  i n  the  c r x i s i n g  cond i t ion  ( f l a p s  up, l a d i n g  gear 

The f ' o l l o w i n j ~  "inS?e g l v e s  trie s t a l l i n g  speeds recorded 
i n  the v a ~ f o u s  f'li&t co;id.',tisns j 
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E 
The s t a l l i n g  c h a r t i c t e r i s t i c s  o f  t h e  3rewster  X S S k - 1  

a i r p l a n e  were cons idered  t o  he unusually good. 
was always preceded by adequate warning i n  t h e  form o f  
rolling and p i t c h i n g  no t ions  o f  t he  a i r p l a n e .  
be maintained beyond the  s t a l l  I n  all e x c e p t ' t h e  landing  
cond i t ion .  

The s t a l l  

F l igh t  cou ld  

COWLUS IONS 

The f!yinE; q u a l i t i e s  of' t!m Zrewster X S B A - I  a i r p l a n e  
wfth o r ig i i r a l  t c i l  su - f aces  were determi:leG frori  f l i g h t  
measurements. 
o f - g r a v i t y  l o c a t i o n  a t  25.5 percent  o f  t h e  fiean aerodynamic 
chon',: 

The f o l l o w i n g  cor;clmLons apply f o r  a cen te r -  

1. ,The v a r i a t i o n  o f  e1evsi;or angle vjith airspeed i n d i -  
ca ted  p o s i t i v e  s t i c ! : - fhed  s t a t i c  longitudinal s t a b i l i t y  i n  
a l l  cond i t ions  t e s t e d .  

-9 

C .  The var iak ion  of' e l eva to r  contFol f o r c e  wi th  a i r -  
speed i n d i c a t e d  p o s i t i v e  s t i c k - f r e e  s t a t  I c  l o n g i t u d i n a l  
s t a b i l i t g  i n  al!, cond i t ions  t e s t e d .  

3. The average e l e v a t o r  con t ro l  f o r c e  r e q u h e d  i n  

It f a r  exceeds the graCie:it o r  1 5  pounds p e r  

high1.y a c c e l e r a t e d  n a n e u v e r s  amunted  t o  30 pounds pe r  
norrnal a c c e l e r a t i o n .  
l a r g e .  g 
t h a t  seem3 reasonable  a s  an upper  i f r j i i t  f o r  scout-bomber 
a i r 2 l a n e s .  

g 
T ? i i s  value was considered undes i rab ly  
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k. T ~ F :  s t i c k  t r a v e l  r e q u i r e d  t o  s t a l l  i n  maneuvers was 
-3boiJt 1+.6 inches.  T h l s  va lue  -$vas d e s i r a b l y  l a r g e .  



maintained i n  all except  the landing condi t ion .  Recovery 
from t he  s t u L i  was prompt in a l l  c o n d i t i o n s .  

Langley Memorial Aeronautical Laboratory, 
HatiJna3. Adv! solrg C o t m l t t e e  for Aeronaut ics ,  

Langley Fiel?., V a .  



NACA Figs. 1,2,3 

Figure 1.- Front view of Brewster XSBA-1 airplane. 

__ -- 

Figure 2.- Three-quarter front vier of Breweter XSBA-1 airplane. 

Figure 3.- Side-view of Brewster XSBA-1 airplane. 
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Figure 9. - Variation of elevator angle, elevator force, and. elevator tab anele 
required f o r  trim with indicated airspeed i n  the gliding and cruising 
conditions; Erewster XSBA-1 airplane. 



Fig. IO 

INDICATED AIRPEED,  MplY 

Figure  10. - Variation of elmvator angle, elevator rorca, and almv8tor tmb 
angle required for trim w i t h  indicated airspeed in the c l l m b l ~  oonditionj 
Breernter XSBA-1 airplane. 
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NAC P Fig. I I 

hNCX T€D A I A SPEEp, MP ff 

Figure 11. - Variation OS elevator angle, elevator force,and elevator tab angle 
required f o r  t r i m  with indicated airspeed i n  the-landing conditionj 
Brewster XSBA-1 airplane. 



N A C A  Fig. I 2  

0 20 40 60 80 lo0 120 I& 160 
l n / D / C A T € D  AIRSPEED , MPH 

Figure 12. - Variation of elevator angle and elevator force w i t h  indicated airspeed 
In the approach and wave-off conditionzj Brewster XSBA-1 airplane. 
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f in *€ ,  JEC 
Figure 14. - Time h_ist_r\q c?f a FOP:(? lano t= the left st-rted at 17:: =:le= per ho i i r .  

Note large elevator force. Brewster XSBA-1 airplane, flaps up, gear up, 18 inches Hg 
manifold pressure, 1800 rpm.  
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NACb 

P q o l r n P  15. - kZStCT =f p .."..*A 4...- 4.- AI-^ ---a. -&--&-A - -0-- - yuIl. yv ~ U D  L U A U  o * a r * u u  pi i7i miias per hour, in 
which a stall occurred. Brenster XSBA-1 airplane; flaps up, gear up, 18 inches Hg 
manifold pressure, 1800 rpm. 



NACA ~ Fia. 16 
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Z M E ,  SEC 

Flpure 16. - Time h i s tory  of a rapid 180u turn to the l e f t  started a t  119 miles per hour. 
Brerster XSBA-1 airplane; flaps up, gear up, 18 inches IIg manifold pressure, 1800 rpm. 
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nMI, SEC 

Figure 17. - Time history of  a rapid 180' turn t o  the right started at 118 mtles per hour. 
lrerster XSBA-1 airplane; f laps  up, gear up, 18 inchea Hg manifold prarsmc, l 2 Q O  ==. 



Fig .  16 

Worr;,al acce le ra t i cn ,  k 

Fikare  12.- Var ia t i cn  3: e l o w t o r  s t i c k  f o r c e  witn norr1,al acccleraticn in 

incnes ;7Tc canifcl-a pressure,  1806 rw.. 
1 2 G O  tzrlis. 3 revs to r  XS3-4-1 h i rp lane ;  f l s p s  up, gear up, 18 



N A C A  Fig: l9 
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F/M€’, SEC 

Figure  19. - Time history of a take-off w i t h  f laps full down, S5 Inches Eg manifnld 
pressure, 2200 rpm. Brewster XSPA-1 airplane. 
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Figure 20. - Variation of s t i ck  force per degree trim-tab change w i t h  indicated airspeed, 
Brerster XSBA-1 airplane. 

/ND/CATED AIRSPEED I Mpn 

Figure 21. - Variation o f  period and damping of lateral  o sc i l l a t ions  with iz.':cat& 
airspeed. Brewster XSBA-1 a_irplole. 
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Figs. 28,29 NACA 
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NACA Fig. 34 
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NACA Fia. 35 

(a) Rudder used to maintain (b) Rudder held in trim position. 
sem sideslip. 

Figure 35. - Time histories of aileron rolls made in +he I%i&iii condition. 
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L N A C A  * Fig. 36 

(a) Rudder used to  maintain zero 
s ides l ip .  

(b) Rudder held In trim position. 

Figure 36. - Time histonits o,P ziiioron rolls made i n  the cruising condition. 
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Figure 37. - Time history of a stall in g l id ing  condition (flaps up, gear up, power o f f )  
with controls held fixed. 
Brewster XSBA-1 airplane. 

Airplane performs rolling oscillation of  constant amplitude. 



T~ME, SEC 

Figure 58. - Time history of a stall in gliding condition (flaps up, gear up, power o f f )  
holding controls fixed. 
amplitude. 
Bmwster XSBA-1 airplane. 

Note compliccrted rolling and pitching oscillation of constant 
Pitching oscillation has trice frequency of FOllhg oscillatlcz. 



Figure 39. - T i p e  history of a stall in  the gllalng condition (flaps up. pear up; pnwar sff) 
Control I s  maintained hy 1190 ci $?.,e ~ L I ~ F o L I S .  

Brerster XSBA-1 airplane. 





 TIM^ SEC 

Figure 41. - Time history o f  a s t a l l  i n  the cruising condition ( f l a p s  up,%gear up, 23 inches Hg 
manifold pressure. 1750 rpm). 
the l e f t  occurred. ! 3 ~ o ~ s t s r  XS-d-i airplane. 

Control mas maintained by use ni mee’er i i - k t i i  r o i i - o f f  t o  
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I .  

Figure 42. - Time history of a a t a l l  i n  the cruising condition ( f laps  up, gear up, 23 inchea H,s 
manifold pressure, 1750 r p m ) .  
Brerster XSBA-1 airplane; 

Control is effectivelp meint-~-insd ‘ v ~  we o f c ~ h e  ailerons. 



r / M €  , SEC 

Figure 43. - Time history of a s t a l l  in the landlne condition (flaps d o n ,  gear d o n ,  power off). 
Controls held f ixed until roll-off to left occurred. 
slight rolling and pitchine oscillations. 

Note adequate stall warming in forn  of 
Brewster XSBA-1 airplane. 



Figure 44. - Time history of a stall In the landing condition (flap0 down, gear down, power off). -1 
Control attempted with aileron waa ineffective In preventlng roll-off to left. 
XSBA-1 alrplano. 

Brewster 



Figure 45. - Time history of a stall in the landing condition (flap0 down, gear down, power off). 
Control maintained by use of rudder u n t i l  roll-off to the left occurred. 
airplane. 

Brewate? ysed-i 



& h$ NACA Fig. 46 

Tiuz , SEC 

Controls held fixed until mild roll-off to right occurred, 
Figure 46. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches 

Hg manifold pressure, 2050 rpm). 
Notastall warning in form of rolling and pitching osclllatibn. Brewster XSBA-1 alrpln-r?s. 





Figure 48. - Time history of a stall in the take-off condition (flaps up. gear down, 35 inches 
Hg manifold presaure, 2050 rpm). 
rolling oscillation is rather violent. 

Control is aainta:ned by use of the rudder, though 
Brewster XSBA-1 airplane. 


